The diaries used in this study were designed to be easy to use and to be suitable for a diverse sample of the population. We first compared them with 24 hour audiotape recordings of the infants' vocalisations. Crying refers to a complex act that includes elements of movement, facial expression, and voice, and is usually interpreted as expressing a negative emotion. In the tape recordings the vocal part of crying is designated as negative vocalisation compared with neutral sounds (such as grunting) and positive sounds (such as cooing).
Parental recording has commonly been used to describe emerging patterns of infant behaviour, and has a potential for use in the clinical assessment of behavioural problems. Most of our knowledge about infants' crying after the neonatal period is derived from studies that used diaries, despite the recognised potential of over or under reporting."X Data from diaries, 1-4 tape recordings,5 parental recall,6 and direct observations7 have all shown that the amount of crying tends to increase until about 6 weeks of age and then gradually decreases, and that within a 24 hour period crying occurs more often in the evening; this implies that diary reporting is reasonably accurate. We are not aware, however, of any data that directly compare parental recordings with a recording system less susceptible to bias. As a result, we know little about how parent recording represents the infant vocalisations which are part of the crying behaviour.
The diaries used in this study were designed to be easy to use and to be suitable for a diverse sample of the population. We first compared them with 24 hour audiotape recordings of the infants' vocalisations. Crying refers to a complex act that includes elements of movement, facial expression, and voice, and is usually interpreted as expressing a negative emotion. In the tape recordings the vocal part of crying is designated as negative vocalisation compared with neutral sounds (such as grunting) and positive sounds (such as cooing).
Secondly, the sociodemographic characteristics of parents who returned diaries with readable data were compared with those of parents who did not from a population sample in a prospective cohort study. Thus the findings describe quantitative associations between negative vocalisations and the diary records of crying and fussing, they illustrate the limitations of both techniques in assessing the amount of infant crying, and they indicate the potential limits on the use of diaries for this purpose in the general population.
Subjects and methods
Ten mothers (who spoke fluent English or French) of normal 6 week old infants, who were in the nursery of a large general hospital associated with the university or a community health unit volunteered to take part in the comparison of diaries and tape recordings. The mean age of the infants was 6-3 weeks (range 5-5-7) at the time of recording; there were five boys and five girls, and seven were exclusively breast fed. The mean (SD) socioeconomic score measured by Green The parents were not responsible for the functioning of the system, which was already connected and housed in a wooden box 62x32x23 cm placed centrally in a convenient location. The microphone and transmitter were put into the shirt by the research assistant. The parents were instructed to put the shirt beside the infant while the nappy was being changed. The sensitivity of the transmission was determined in response to the vocalisations the infant made, and its quality was checked from all relevant rooms. Once the system was in use, the diary was reviewed. The study was described as the collection of information on the behaviour patterns of normal infants. The parents were told that the tape recorder was an easy way to record the sounds made by the infant for 24 hours without disrupting the family's routine.
TRANSCRIPTION
Sounds on the tape were categorised as 'negative vocalisations', 'non-negative vocalisations', parents' vocalisations, and other sounds-for example, sheets rustling and the noise of the vacuum cleaner. A distinctive 'zeep' sound indicated that the tape had been activated so that the beginning and end of each recorded period could easily be distinguished. The time signal was shown on a digital clock, and at least one time marker was shown each time the tape was activated. By listening to the playback the presence, time, and duration of each sound could be indicated sequentially on a transcription sheet. All tapes were transcribed by a single observer, and only the infant's negative vocalisations were transcribed. Four randomly selected tapes were retranscribed and intraobserver reliability was determined separately for transcribing the frequency (events in 24 hours) and duration (seconds in 24 hours) of negative vocalisations (r>+0-99 for both, Pearson's product moment coefficient). Events lasting less than five seconds (usually one to two seconds) accounted for 47% of the frequency but only 7% of the total duration of negative vocalisations.
EDITING, REDUCTION, AND ANALYSIS OF DATA
It was apparent from studying the transcripts of the tape recordings that negative vocalisations tended to cluster together, being separated by long periods of silence, as might be expected from direct observation of crying and fussing in the infants. It was assumed that the crying or fussing symbols used in the diary represented these clusters, referred to as 'episodes.' Within these episodes, however, the actual vocalisations are not continuous, but are punctuated by inspirations and spontaneous pauses. Because the omission of the '\/' symbol from the diary and the absence of negative vocalisations of less than five seconds duration from the tape recording should not affect the reporting of the prolonged clusters of crying that were of primary interest, the diaries and tape recordings were first edited to eliminate these. The edited versions are the unreduced sets of data concerning the events of crying and fussing recorded in the diaries and negative vocalisations recorded on the tapes.
The data were then processed to obtain reduced sets of data. The smallest unit of recording in the diary is five minutes (the smallest subdivision on the time ruler) (fig 1) . To The only rule applied to the unreduced data reported in the diaries was the first, concerning the grouping of two events separated by five minutes or less. Because there are two categories in the diaries (cry and fuss) which could be used to represent negative vocalisations, it was interesting to know whether the overall duration of negative vocalisation was more strongly correlated with crying, fussing, or crying and fussing combined. Consequently the category 'cry and fuss' was defined as a composite of all crying and fussing episodes. Its duration was the arithmetic sum of the duration of all episodes of both crying and fussing on the diary. The frequency of episodes was calculated from the arithmetic sum of all the episodes of crying and fussing on the diary, but adjacent episodes were classed as one.
The resulting transcripts and diaries constituted the reduced sets of data giving the duration (minutes in 24 hours) and frequency (episodes in 24 hours) of negative vocalisations from the tape recordings and crying, fussing, or both, from the diaries. From the second rule (that defined duration on tape recordings) it was apparent that the durations of the episodes of negative vocalisations that were recorded were much less than those recorded in the diaries. If parents associated negative vocalisations equally with crying and fussing symbols, the correlations of duration of episodes recorded on the tape with crying and fussing recorded in the diary should have been similar. On the other hand, if parents associated negative vocalisations more with crying than with fussing symbols in the diary, the correlation should have been stronger with cry than with fuss, or with the combination. The frequency only refers to clusters of negative vocalisations regardless of the duration of particular negative vocalisations within the cluster. Consequently, the only useful comparison for frequency is between the number of combined crying and fussing episodes recorded in the diary and the number of negative vocalisation episodes on the tape recording.
As indices of how diary recordings represent episodes of negative vocalisations, three comparisons were made. Firstly, Pearson product moment correlations between frequency and duration measures from diary and tape recording methods were calculated for the reduced sets of data. Secondly, as an index of the completeness of the parents' recording the reduced sets of data were compared to determine the total duration and frequency of episodes missed by the diary records.
To work out differences in individual interpretations of the symbols for 'cry' and 'fuss' the diary records of episodes of crying and fussing that corresponded in time with tape recorded episodes of negative vocalisations were used to derive measures separately for cry and fuss symbols of the average duration of negative vocalisation events, the number of negative vocalisation events each minute, the total duration of negative vocalisations each minute, and the cry:fuss ratio of the total duration of negative vocalisations each minute.
USE OF THE DIARY IN A SAMPLE OF THE GENERAL POPULATION
A slightly modified version of the diary was used in a large prospective study to determine the causes of overweight in infants.9 18 Normal subjects were recruited from the neonatal nursery of a large general hospital associated with the university.9 Diaries and instructions for their use were given to the parents at home when the baby was 6 weeks old. The diaries were kept for seven days and then returned in a stamped, addressed envelope. If they were not received within two weeks the parents were telephoned to remind them.
Results

COMPARISON OF TAPE RECORDINGS AND DIARIES
Satisfactory legible reports were obtained from all the parents. Most said that they had filled in the diary every two to four hours, usually during a routine activity such as feeding or nappy changing. Technically adequate tape recordings were obtained from all subjects. Table 1 shows the duration and frequency of episodes of crying, fussing, or crying and fussing combined, from the diaries and negative vocalisations from the tape recordings. The combination of clusters of negative vocalisations into episodes on the tape recording with a mean frequency of 10-5 episodes in 24 hours was comparable with the number of combined crying and fussing episodes recorded in the diaries (mean 9-5 episodes in 24 hours). As expected the mean total duration of combined crying and fussing recorded in the diary (125 minutes in 24 hours) was much greater than the total duration of recorded negative vocalisation episodes on the tape (29 minutes in 24 hours). This was partly due to the more detailed recording of the intermittent sounds and pauses on the tape recording. In the diaries crying accounted for 53% of the frequency but only 43% of the duration of the total amount of crying and fussing. Table 2 shows the correlations of the frequency and duration of crying and fussing episodes recorded in the diaries with the negative vocalisation episodes recorded on the tapes. The correlation between frequency of combined crying and fussing episodes and negative vocalisation episodes was moderately strong (r= +0*64, p=0-03). One diary was much less accurate than the other nine because three negative There were large differences among parents when using these symbols, and one parent did not use the fuss symbol at all. Table 3 shows that the number of negative vocalisation events in clusters designated 'cry' were more frequent (0.67 and 0-25 events a minute, respectively) but not longer (each event lasting 29 and 28 seconds, respectively) than those designated 'fuss'. Consequently each minute of 'crying' represented more total seconds of negative vocalising than 'fussing' (17X3 and 8-7 seconds for each minute, respectively). Individual subjects' cry:fuss ratios indicated that seven of the nine parents used 'cry' to designate more negative Table 3 Characteristics ofnegative vocalisations on tape recording referred to in diaries as 'cry' and 'fuss' in nine infants*: values are expressed as median (range) We typically record only duration and frequency of episodes but it is these that are of interest to clinicians, and diaries will only help if they can be shown to be a reasonably accurate measure of these.
Our results suggest that diaries provide useful short term recordings of the vocal component of crying. The duration of two and one-quarter hours of combined crying and fussing behaviour recorded by diary is similar to previous reports for infants of this age. -3 what and how accurately they record, but on how acceptable they are to parents. Our results suggest that though we obtained appropriate data which we could interpret from 90% of the subjects this may have represented a biased sample in that families of lower socioeconomic groups, ethnic minorities, large families, older mothers, and children who were formula fed from birth may be under represented.
Our findings have several implications. First, the extent of agreement between diary recording and tape recording may have been favourably biased by the presence of the recorder, the novelty of the procedure, and the short duration of the recording period. On the other hand, the lack of interference (filling in the diary when convenient), the simplicity of instructions, and the lack of a formal practice session may have resulted in less than optimal recordings. In particular applications more accurate recordings could probably be achieved-for example, in small studies with well motivated parents.
Secondly, the differences in the use of the 'cry' and 'fuss' symbols indicate that (contrary to common practice) the two concepts should not be considered synonymous. Some papers about crying and colic use the terms interchangeably. 1 2 They are often used to indicate degrees of severity of distress,2' 22 but some use fussing to indicate 'unexplained' crying. 6 Our results show that the symbols were not used interchangeably by parents and that other behavioural features may have played a part in the designation of fuss. As a result diaries with a symbol for cry only may not be recording an important sign of infant distress, whereas diaries that refer to fussing only may not capture a marker of severity of distress distinguishable by the parents.21 
